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© A current and/or voltage detector for a distribution system* 



^® A current and voltage detector (1) for a distribu- 
tion system is provided with a lower section (2), an 
^ upper section (3) and a fastening means for combin- 
Wing the tower and upper sections into one body. The 
qq lower section comprises: a first groove for receiving 
ffjan electric wire of the distribution system; an optical 
CO type current sensor (4); an optical type voltage sen- 
Qsor (5); and a potential divider for supplying a volt- 
age to the voltage sensor. The upper section com- 
prises: a second groove for receiving the electric 
wir ; and a U-shaped magnetic core (6) for applying 
a magnetic field to the current sensor. 
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A CURRENT AND/OR VOLTAGE DETECTOR FOR A DISTRIBUTION SYSTEM 



BACKGROUND OF THE INVENTION 



1. Held of the Invention: 

This invention relates to a current and/or volt- 
age detector for a distribution system, and, more 
particularly to a current and/or voltage detector for 
an aerial distribution line. 



2. Description of the prior art 

In the modem world where even an instanta- 
neous power failure is not allowed, it is required to 
always monitor the conditions of power transmis- 
sion and distribution lines. It is well known in the art 
that the detection of various currents such as a 
zero-sequence current flowing through a transmis- 
sion or distribution line is very useful in monitoring 
the condition of the line. Also, voltages of various 
parts of the line are beneficial in the monitoring. In 
order to detect such a current and/or voltage, a 
distribution line is provided with many detectors. 
An example of such detectors is a zero-sequence 
current transformer (hereinafter, referred to as 
B 2CT tt ) which is installed in a aerial distribution 
line. 

A ZCT used in a three-phase transmission line 
comprises a ring type core through which all the 
three wires pass, when a ZCT is installed in an 
aerial three-phase distribution line, the ZCT is gen- 
erally disposed in a pole line switch having a relay 
so that an unbalance in the currents or voltages of 
each phases can be detected. A conventional line 
switch is shown in Fig. 7, wherein a three-phase 
line 71 a is connected through a line switch 72 and 
tension insulators 73 mounted on a pole 74 to 
another three-phase line 71b. A ZCT and relay 
(which are not shown) are Incorporated in the line 
switch 72. if a fault occurs in the line 71a or 71b, 
the ZCT detects the zero-sequence current to ac- 
tuate the relay, thereby actuating the switch 72 to 
interrupt the connection between the lines 71a and 
71b. 

In this configuration of the ZCT, however, the 
three wires to which the phase voltage is applied 
are gathered in the window of the ZCT, resulting in 
that it is very difficult to insulate the wires from 
each other. Further, the insulation between the 
three wires deteriorates in the course of service or 
depending upon the degree of air tightness of the 
line switch 72, causing an inferior reliability of the 
ZCT or a serious fault such as a shortcircuit be- 



tween the lines. This may be supported by the fact 
that a relatively large number of accidents have 
been caused in the vicinity of a ZCT. In order to 
prevent a fault of this kind from arising, it is re- 
5 quired to periodically replace the wires in a line 
switch with new ones. 



SUMMARY OF THE INVENTION 

w 

The current detector of this invention, which 
overcomes the above-discussed and numerous 
other disadvantages and deficiencies of the prior 

15 art, comprises a lower section, an upper section, 
and a fastening means for combining said lower 
and upper sections into one body, said lower sec- 
tion comprising: a first receiving portion for receiv- 
ing an electric wire of the distribution system, said 

ao first receiving portion being disposed on the upper 
surface of said lower section; and an optical type 
current sensor, said upper section comprising a 
second receiving portion for receiving an electric 
wire, said second receiving portion being disposed 

25 on the lower surface of said upper section to face 
said first receiving portion. 

The voltage detector of this invention, which 
overcomes the above-discussed and numerous 
other disadvantages and deficiencies of the prior 

30 art, comprises: a lower section, an upper section, 
and a fastening means for combining said lower 
and upper sections into one body, said lower sec- 
tion comprising: a first receiving portion for receiv- 
ing an electric wire of the distribution system, said 

35 first receiving portion being disposed on the upper 
surface of said lower section; and an optical type 
voltage sensor, said upper section comprising a 
second receiving portion for receiving the electric 
wire, said second receiving portion being disposed 

40 on the lower surface of said upper section to face 
said first receiving portion. 

The current and voltage detector of this inven- 
tion, which overcomes the above-discussed and 
numerous other disadvantages and deficiencies of 

45 the prior art, comprises a lower section, an upper 
section and a fastening means for combining said 
lower and upper section into one body, said lower 
section comprising: a first receiving portion for re- 
ceiving an electric wire of the distribution system, 

so said first receiving portion being disposed on the 
upper surface of said lower section; an optical type 
current sensor; and an optical type voltage sensor, 
said upper section comprising a second receiving 
portion for receiving the electric wire, said second 
receiving portion being disposed on the lower sur- 
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face of said upper section to face said first receiv- 
ing portion. * 

In an embodiment of the detector according to 
the invention, said upper section further comprises 
a U-shaped magnetic core which surrounds said 
second receiving portion, the two end portions of 
said magnetic core protruding from the surface of 
said upper section, said lower section further com- 
prises two recesses for receiving the two protrud- 
ing end portions of said U-shaped core when said 
first and second sections' are combined into one 
body, and said current sensor is disposed at the 
position which is located within the gap of said U- 
shaped magnetic core when said first and second 
sections are combined into one body. 

In another embodiment of the invention, the 
position of said current sensor is adjustable. 

In a further embodiment, said current sensor 
has a magnetic optical sensor element which de- 
tects, using the Faraday effect, the strength of a 
magnetic field generated by the current flowing 
through the electric wire received in said first and 
second receiving portions. 

In a further embodiment, said lower section 
further comprises a capacltive type potential di- 
vider disposed in the vicinity of said first receiving 
portion, the output voltage of said potential divider 
being applied to said voltage sensor. 

In a further embodiment, said upper section 
further comprises a further capacitive type potential 
divider disposed in the vicinity of said second 
receiving portion, said further potential divider and 
said potential divider of said lower section being 
electrically connected through a connecting means. 

In a further embodiment, said voltage sensor 
has a sensor element which utilizes the Pockels 
effect 

In a further embodiment, at least either of the 
electrode area and electrode distance of said po- 
tential divider is adjustable. 

Thus, the invention described herein makes 
possible the objectives of: 

(1) to provide a current and/or voltage detec- 
tor which can be easily attached to a distribution 
line; 

(2) to provide a current and/or voltage detec- 
tor which can operate stably for a long period of 
time without causing errors; 

(3) to provide a currrent and/or voltage de- 
tector which can be installed at any position on a 
distribution system; 

(4) to provide a current and/or voltage detec- 
tor which which can be securely attached to a 
distribution line; 

(5) to provide a current and/or voltage detec- 
tor which can produce optical signals, thereby en- 
abling a monitoring system to be controlled 
through optical fibers; and 



(6) to provide a current and/or voltage detec- 
tor having a sensor, the property of which can be 
easily adjusted. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 



70 This invention may be better understood and 

its numerous objects and advantages will become 
apparent to those skilled in the art by reference to 
the accompanying drawings as follows: • 

Figure 1 is a partly fragmentary perspective 
is view of the current and voltage detector according 
to the Invention; 

Figure 2 is a diagram illustrating the princi- 
ple of detecting a current by the detector of Fig. 1 ; 
Figure 3 is a diagram illustrating the princi- 
20 pie of detecting a voltage by the detector of Fig. 1 ; 

Figure 4 is an exploded view of the detector 
of Rg. 1; 

Figure 5 is a sectional view illustrating the 
detector of Fig. 1 attached to a wire; 
25 Rgure 6 is a perspective view showing the 

manner of attaching the detectors of Rg, 1 to a 
three-phase distribution line; and 

Rgure 7 is a perspective view showing a 
manner of installing a ZCT to a three-phase dis- 
30 tribution line. 



DESCRIPTION OF THE PREFERRED EMBODI- 
35 MENTS 



Rgure 1 illustrates an example of the detector 
according to the invention. The detector 1 of Rg. 1 

40 is a current and voltage detector which is useful in 
a monitoring system for an aerial distribution line, 
and comprises a lower section 2 and an upper 
section 3. The lower section 2 incorporates an 
optical current sensor 4 and an optical voltage 

45 sensor 5. 

Rrst, the principles-of-detecting a current and 
voltage by the sensors 4 and 5 will be described. 
The optical current sensor 4 comprises a mag- 
netooptical element which detects the strength of a 

50 magnetic field caused by a current flowing through 
a wire, using the Faraday effect. With reference to 
Rg. 2, this will be described in more detail. Ran- 
dom light 42 from a light source 41 such as an 
LED is passed through a polarizer 43 to be 

55 chang d into linearly polarized light 44. The linear 
polarized light 44 then impinges on a magnetoop- 
tical crystal such as a garnet (the length of which is 
L). In this example, a garnet containing bismuth is 
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used as a magnetooptical crystal When a magnetic 
field 46 of the strength H is applied in the same 
direction as the propagation direction of light 44, 
the plane of polarization of emitting light 47 is 
rotated by an angle fl. The degree of the angle e is 
detected as the light intensity by a light detector or 
analyzer 48. When the transmission polarization 
direction of the polarizer 43 is deviated by 45 
degrees from that of the analyzer 48, the optical 
output P of the analyzer 48 is proportional to sin2e. 
Also, the relation e = VLH (wherein V is the Verdet's 
constant) is well known. When 0<Kl f sin(20) is 
approximately equal to 29, resulting In that the 
optical output P is proportional to the magnetic 
field strength H. In this way, the amount of a 
current flowing through a wire can be detected by 
optically measuring the magnetic field produced by 
the current around the wire. 

The optical voltage sensor 5 comprises a Poc- 
kels element. When light passes through the Poc- 
kels element, the quantity of the double refraction 
of the element changes in accordance with the 
strength of an electric field applied to the element 
With reference to Fig. 3. this optical voltage detec- 
tion will be described in more detail. Random light 
51 from an appropriate light source (not shown) is 
passed through a polarizer 52 to be changed into 
linear polarized light 53. The linear polarized light 

53 is then passed through a 1/4 wavelength plate 

54 to obtain circular polarized light 55 which is 
impinged onto a light detector or analyzer 57 after 
passing through a Pockeis element 56. The Poc- 
kels element 56 is applied with a voltage 58 (e.g., 
the line to ground voltage of a distribution line). 
The form of the circular polarized light 55 changes 
depending upon the direction and strength of the 
applied voltage 58. Namely, as shown in fig. 3, the 
circular polarized light 55 may become long elliptic 
polarized light 59 or wide elliptic polarized light 60 
in accordance with the level of the applied voltage 
58. This causes the change in the strength of light 
received by the analyzer 57. Hence, the voltage 
sensor 5 can optically detect the level of the volt- 
age applied thereto. 

In the detector of- Fig. 1, a U-shaped core 6 
and first and second potential dividers 7 and 8 of 
the capacitive type are provided for generating the 
magnetic field 46 and for obtaining the voltage 58, 
respectively. The first and second potential dividers 
7 and 8 comprises a pair of electrodes 7a and 7b 
and 8a and 8b, respectively. These electrodes may 
be covered by a resin material such as urethane 
resin which can be set at room temperature. The 
kind of the resin material to be used is selected 
considering its dielectric constant 

Referring to Figs. 1, 4 and 5, the structure of 
the lower and upper sections 2 and 3 will be 
described in more detail. The lower section 2 has 



an elongated resin case 2a. The case 2a has a 
rectangular upper surface 2b, a hollow space 2c 
and an opening 2d. In the space 2c, the optical 
current sensor 4, the optical voltage sensor 5 and 

5 the first potential divider 7 are disposed. The case 
2a Is hermetically sealed by a cover 2e which is 
bolted to the opening 2d. On the upper surface 2b, 
a semicircular groove 2f elongates along the cen- 
tral axis of the surface 2b. 

70 The upper section 3 is formed by the resin 
molding, and has a semicylindrlcal shape with a 
rectangular lower surface 3a. The shape of the 
lower surface 3a substantially corresponds to that 
of the upper surface 2b, Another semicircular 

75 groove 3b is formed in such a manner that the 
groove 3b cooperates with the groove 2f of the 
tower section 2 to form a cylindrical space for 
receiving a distribution wire 9. The second potential 
divider 8 is disposed along the groove 3b at one 

20 end region of the upper section 3. The U-shaped 
magnetic core 6 is formed at the other end region 
of the upper section 3. and substantially encircles 
the groove 3b. The two ends 6a and 6b of the core 
6 protrude from the lower face 3a. When the lower 

25 and upper sections 2 and 3 are combined to each 
other, the two ends 6a and 6b can be inserted Into 
two recesses 2 g and 2h formed on the upper 
surface 2b of the lower section 2, respectively, so 
that the optical current sensor 4 is positioned in the 

30 gap of the core 6. 

From one side of the upper section 3, two 
arms 10 having a hole 10a are extended. The arms 
10 are arranged along the direction of the groove 
3b,and are slidably and rotatably attached to the 

35 lower section 2 by pins 11, so that the device 1 
can be split into the lower and upper sections 2 
and 3 while preventing the two sections 2 and 3 
from being completely separated, as shown in Fig. 
1 . This allows the easy attachment of the present 

40 device to a distribution wire 9. 

The lower section 2 is provided with a member 

12 having a oval hole 12a. On the other hand, the 
upper section has a hook 13 having a rectangular 
head 13a. When the lower and upper sections 2 

45 and 3 are to be combined into one body, the hook 

13 Is inserted Into the hole 12a. and the head 13a 
is twisted to temporarily fasten the two sections 2 
and 3 together. The lower section 2 is provided 
with six bolts 14 protruding from the upper surface 

so 2b. On the lower surface 3a of the upper section 3, 
six threaded holes 15 are formed at the positions 
corresponding to those of the bolts 14. 

The corresponding electrodes 7a and 8a and 
7b and 8b of the first and potential dividers 7 and 8 
55 are connected with each other via terminals 20 on 
the upper surface 2b, when the sections 2 and 3 
are combined. 

in this example, the current sensor 4 is fixed 
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on the voltage sensor 5. The combination of the 
sensors 4 and 5 is mounted to the case 2a in an 
adjustable manner, enabling the adjustment of the 
relative positional relationship between the current 
sensor 4 and the gap of the core 6. 

In order to compensate the scattering in the 
properties of optical current sensors or voltage 
sensors among detectors, the strength of the mag- 
netic field 46 or the level of the applied voltage 58 
can be adjusted. It is preferable that, when manu- 
facturing the detector 1 , the detector is attached to 
an electric wire through which a predetermined 
level of current is flowing, and the position of the 
combination of the sensors 4 and 5 is adjusted so 
as to obtain an output of the current sensor 4 
accurately corresponding to the current ievel. After 
the positional adjustment, the combination of the 
sensors 4 and 5 is fixed to the case 2a by an 
adhesive agent so that the current sensor 4 does 
not move. Alternatively, the case 2a may have a 
recess in which the combination of the sensors can 
be easily fixed in a predetermined position. In 
order to finely adjust the position of the current 
sensor 4, thin polyethylene plates (e.g., about 
0.2mm) may be used. The ievel of the voltage 
applied to the voltage sensor 5, i.e., the output 
voltage of the potential divider 7 can be adjusted 
by changing the position and/or area of the elec- 
trode 7a, 7b, 8a or 8b. In order to facilitate this 
adjustment the potential divider 7 may be Installed 
in the case 2a without being resin-molded. After 
the optical sensor 4 is fixed and the properties of 
the potential divider 7 is adjusted as described 
later, a gum-like resin material such as urethane 
resin may be poured into the case 2a to enhance 
the seal of the lower section 2. 

In this example, the potential dividers 7 and 8 
are installed in the lower and upper sections 2 and 
3, respectively, and the corrresponding electrodes 
of the two dividers are electrically connected to 
each other, thereby allowing the reduction of the 
length of the dividers along the wire 9. 

The signals output from the current and voltage 
sensors 4 and 5 are transmitted to a control device 
16 (Fig. 6) through an optical fiber cable 17. 

The detector 1 can be attached to the wire 9 in 
the following manner. The lower section 2 is posi- 
tioned so that the wire 9 is received in the groove 
2f, and thereafter the upper section 3 is placed 
over the lower section 2 so that the wire 9 Is 
received in the cylindrical space formed by the 
grooves 2f and 3b. The hook 13 is engaged with 
the member 12 to temporarily fasten the two sec- 
tions 2 and 3 with each other. Then, the bolts 14 
are rotated to engage with the threaded holes 15, 
thereby securely attaching the detector 1 to the 
wire 9 while firmly combining the lower and upper 
sections 2 and 3. This state is diagrammatically 



illustrated in Fig. 5. 

Figure 6 illustrates an example of attaching the 
detector 1 to an aerial three-phase distribution line, 
in the example of fig. 6, one detector 1 is attached 

s to each of the wires 9 of the three-phase line. The 
detectors 1 can be positioned at either side of the 
line switch 72, so that the side of the line the 
condition of which fis to be monitored can be freely 
selected. The optical signals of the detectors 1 are 

w transmitted via the optical cables 17 to the control 
device 18 in which the signals are processed to 
obtain signals useful for monitoring the conditions 
of the distribution line (for example, a zero-se- 
quence current). The output of the control device 

75 16 Is supplied to the line switch 72 to operate it, 
and also supplied to a substation through a com- 
munciation line 18. The electric power for the de- 
tectors 1 and control device 16 is supplied through 
a power line 19 from the substation. 

20 In the detector according to the invention, a 
highly reliable insulation can be easily achieved, 
output signals can be transmitted through an op- 
tical cable so that a remote fault detection or con- 
trol of a transmission or distribution line can be 

25 realized , and the concentration of wires as re- 
quired in the prior art can be eliminated. Hence, 
the detector of the invention can assure a high 
reliability for a long period of time. In the detector 
of the invention, a sensor for detecting a current or 

30 voltage used can be precisely and securely posi- 
tioned In a sealed case, thereby realizing a struc- 
ture resistant to vibration and a highly hermetic 
seal of the detector. Further, the detector of the 
invention can be easily attached at any position 

35 along a distribution line, even when the line is hot. 
According to the invention, a detector which is very 
useful in a monitoring system for a distribution line. 

It is understood that various other modifications 
will be apparent to and can be readily made by 

40 those skilled in the art without departing from the 
scope and spirit of this invention. Accordingly, it is 
not intended that the scope of the claims appended 
hereto be limited to the description as set forth 
herein, but rather that the claims abe construed as 

45 encompassing all the features of patentable novelty 
that reside in the present invention, including all 
features that would be treated as equivalents there- 
of by those skilled in the art to which this invention 
pertains. 

50 

Claims 

1. A current detector for a distribution system, 
55 comprising a lower section, an upper section, and a 
fastening means for combining said lower and up- 
per sections into one body, 
said lower section comprising: a first receiving por- 
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tion for receiving an electric wire of the distribution 
system, said first receiving portion being disposed 
on the upper surface of said lower section; and an 
optical type current sensor, 
said upper section comprising a second receiving 
portion for receiving the electric wire, said second 
receiving portion being disposed on the lower sur- 
face of said upper section to face said first receiv- 
ing portion. 

2. A detector according to claim 1, wherein 
said upper section further comprises a U-shaped 
magnetic core which surrounds said second receiv- 
ing portion, the two end portions of said magnetic 
core protrude from the surface of said upper sec- 
tion, said lower section further comprises two re- 
cesses for receiving the two end portions of said U- 
shaped core when said first and second sections 
are combined into one body, and said current 
sensor means is disposed at a position which is 
located within the gap of said U-shaped magnetic 
core when said first and second sections are com- 
bined into one body. 

3. A detector according to claim 1, wherein the 
position of said current sensor is adjustable. 

4. A detector according to claim 1, wherein 
said current sensor has a magnetic optical sensor 
element which detects, using the Faraday effect, 
the strength of a magnetic field generated by the 
current flowing through the electric wire received in 
said first and second receiving portions. 

5. A detector according to claim 1, wherein an 
output signal of said current sensor is transmitted 
outside through an optical fiber. 

6. A voltage detector for a distribution system, 
comprising a lower section, an upper section, and a 
fastening means for combining said lower and up- 
per sections into one body, 

said lower section comprising: a first receiving por- 
tion for receiving an electric wire of the distribution 
system, said first receiving portion being disposed 
on the upper surface of said lower section; and an 
optical type voltage sensor, 
said upper section comprising a second receiving 
portion for receiving the electric wire, said second 
receiving portion being disposed on the lower sur- 
face of said upper section to face said first receiv- 
ing portion, 

7. A detector according to claim 6. wherein 
said lower section further comprises a capacitive 
type potential divider disposed in the vicinity of 
said first receiving portion, the output voltage of 
said potential divider being applied to said voltage 
sensor. 

8. A detector according to claim 6, wherein 
said upper section further comprises a further ca- 
pacitive typ potential divider disposed in the vi- 
cinity of said second receiving portion, said further 



potential divider and said potential divider of said 
lower section being electrically connected through 
a connecting means. 

9. A detector according to claim 6, wherein 
s said voltage sensor has a sensor element which 

utilises the Pockels effect. 

10, A detector according to claim 6, wherein at 
least either of the electrode area and electrode 
distance of said potential divider is adjustable. 

70 1 1 , A detector according to claim 6, wherein an 
output signal of said voltage sensor is transmitted 
outside through an optical fiber. 

12. A current and voltage detector for a dis- 
tribution system, comprising a lower section, an 

75 upper section and a fastening means for combining 
said lower and upper sections into one body, 
said lower section comprising; a first receiving por- 
tion for receiving an electric wire of the distribution 
system* said first receiving portion being disposed 

20 on the upper surface of said lower section; an 
optical type current sensor; and an optical type 
voltage sensor, 

said upper section comprising a second receiving 
portion for receiving the electric wire, said second 
25 receiving portion being disposed on the lower sur- 
face of said upper section to face said first receiv- 
ing portion. 

13. A detector according to claim 12, wherein 
said upper section further comprises a U-shaped 

30 magnetic core which surrounds said second receiv- 
ing portion, the two end portions of said magnetic 
core protruding from -the surface of said upper 
section, said lower section further comprises two 
recesses for receiving the two protruding end por- 

35 tions of said U-shaped core when said first and 
second sections are combined into one body, and 
said current sensor is disposed at the position 
which is located within the gap of said U-shaped 
magnetic core when said first and second sections 

40 are combined into one body. 

14. A detector according to claim 12, wherein 
the position of said currrent sensor is adjustable. 

15. A detector according to claim 12, wherein 
said current sensor has a magnetic optical sensor 

45 element which detects, using the Faraday effect, 
the strength of a magnetic field generated by the 
current flowing through the electric wire received in 
said first and second receiving portions. 

16. A detector according to claim 12, wherein 
so said lower section further comprises a capacitive 

type potential divider disposed in the vicinity of 
said first receiving portion, the output voltage of 
said potential divider being applied to said voltage 
sensor. 

55 17, A detector according to claim 12, wherein 
said upper section further comprises a further ca- 
pacitive type potential divider disposed in the vi- 
cinity of said second receiving portion, said further 
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potential divider and said potential divider of said 
lower section being electrically connected through 
a connecting means. 

18. A detector according to claim 12, wherein 
said voltage sensor has a sensor element which 5 
utilizes the Pockels effect. 

19. A detector according to claim 12, wherein 
at least either of the electrode area and electrode 
distance of said potential divider is adjustable. 

20. A detector according to claim 12, wherein to 
output signals of said current and voltage sensors 

are transmitted outside through optical fibers. 



75 



20 



25 



30 



35 



40 



45 



50 



55 



7 



EP 0 338 542 A1 



P7035 



■FIG. 1 




EP 0 338 542 A1 

P7035 



FIG. 2 




EP 0 338 542 A1 



P7035 




EP 0 338 542 A1 




EP 0 338 542 A1 



P7035 



FIG. 5 




2 



EP 0 338 542 A1 

P7035 



FIG. 6 




BP 0 338 542 A1 



P7035 



FIG. 7 

71a 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 89107063.3 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt, CI.J ) 



EP - Al - 0 256 207 
(NIAGARA MOHAWK POWER CORP.) 

* Abstract; fig 3,4' * 



1,2 
3-20 



G 01 R 15/07 



TECHNICAL FIELDS 
SEARCHED (Int. Cl.«| 



G 01 R 15/00 
H 01 F 40/00 



The present search report has been drawn up tor all claims 



Place of search 
VIENNA 



Oate ol completion ol the search 

30-06-1989 



Examiner 



KUNZE 



S 

s 

1 

§ 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



